Purpose Smoking is the primary etiologic risk factor for bladder cancer and has been implicated in mechanisms of chemoresistance. We investigated smoking as a potential predictor for pathologic outcomes after neoadjuvant chemotherapy (NC) and radical cystectomy (RC) for muscleinvasive bladder cancer. Methods We identified 139 patients treated with neoadjuvant cisplatin-based chemotherapy followed by RC for T2-4aN0M0 bladder cancer. Logistic regression was used to evaluate associations between smoking characteristics and pathologic outcomes (pT0, complete response; pT0/ pTis/pT1, any response). In a secondary analysis, multivariate Cox regression was used to assess associations between smoking and recurrence-free and cancer-specific survival. Results Our cohort consisted of 99 (71 %) males, with a median age of 65 (interquartile range 56, 71). Prevalence of never, former, and current smokers was 25, 45, and 29 %, respectively. In total, 63 patients experienced disease recurrence, 39 died of disease, and 11 died of other causes. There were no statistically significant associations between smoking characteristics and complete (p = 0.5) or any (p = 0.2) pathologic response to NC. Similarly, we did not find any association between smoking characteristics and recurrence (p = 0.6) or cancer-specific survival (p = 0.9). Conclusions In this series, smoking characteristics were not found to be predictive of pathologic response after NC and RC, although this analysis was limited by the small study sample size. However, the harmful effects of smoking warrants continued emphasis on smoking cessation counseling in bladder cancer patients.
Introduction
Approximately 20-40 % of bladder tumors are high-grade, muscle-invasive cancers at diagnosis [1] . In the last decade, randomized controlled trials have shown that administration of neoadjuvant cisplatin-based chemotherapy for muscle-invasive disease confers a survival advantage over cystectomy alone [2] [3] [4] . In several of these trials, patients with pathologic response to neoadjuvant chemotherapy (NC), as determined by absence of residual tumor or downstaging to non-muscle-invasive disease at the time of radical cystectomy (RC), experienced the best survival outcomes.
The most common etiologic risk factor for bladder cancer is smoking, accounting for up to 60 % of all cases [5] . Smoking intensity and duration have been shown to be linearly related to the increased risk of disease development [5] [6] [7] . However, smoking cessation is also associated with decreased risk of developing disease [5, 6] . Studies of bladder cancer prognosis also suggest a cancer-specific benefit to smoking cessation [8, 9] . Cell line and animal studies have shown that metabolites of tobacco smoke are involved in tumorigenesis and cell proliferation in bladder cancer and other solid organ malignancies [10, 11] . There is emerging molecular evidence that cigarette smoking is associated with response to standard chemotherapeutic agents, including cisplatin. Exposure of cancer cell lines to nicotine and other metabolites of cigarette smoke induces changes in cell proliferation and apoptotic pathways normally activated by cisplatin [12] [13] [14] [15] [16] .
In this study, our aim was to identify an association between smoking characteristics and pathological response to NC. We studied a cohort of bladder cancer patients at our institution, with the hypothesis that smokers are at higher risk of chemoresistance and residual muscle-invasive disease at RC. In a secondary analysis, we also assessed for an association between smoking and the endpoints of recurrence and cancer-specific death in patients receiving NC.
Patients and methods
With Institutional Review Board approval, we retrospectively reviewed clinical records of 443 patients treated with systemic chemotherapy followed by RC and urinary diversion for primary bladder urothelial carcinoma at our institution between May 1990 and September 2011. From this cohort, we excluded patients who: received non-cisplatin-based NC; had a diagnosis of non-urothelial bladder cancer; received chemotherapy for clinical T4b or nodepositive disease at diagnosis; or received chemotherapy at outside institutions prior to cystectomy. Our final cohort consisted of 139 patients with muscle-invasive urothelial bladder cancer (T2-T4aN0M0) who received neoadjuvant cisplatin-based chemotherapy and RC at our institution ( Fig. 1) . All patients were clinically staged by bimanual examination after endoscopy, in conjunction with appropriate imaging studies to detect evidence of extravesical extension, local nodal involvement, and distant metastases [17] .
Our primary outcome was pathologic response to cisplatin-based NC, determined by final pathologic stage at time of RC by the 2010 AJCC TNM staging system [17] . Patients were defined as having a complete response if there was no evidence of residual carcinoma (pT0) and partial response if there was residual, but non-muscleinvasive, disease (pTa/pTis/pT1). Patients were defined as having no response if there was residual muscle-invasive disease (pT2-4) or any evidence of lymph node involvement (pN?) or distant metastatic disease (pM?). All transurethral (TUR) and RC surgical specimens were reviewed by board-certified genitourinary pathologists at our institution according to a standard template. As an additional outcome measure, we also determined recurrence-free and cancer-specific survival. Disease recurrence was defined as pathologically confirmed carcinoma in the remaining urothelial tract, local operative field, or at distant metastatic sites. Patients were also considered to have disease recurrence if a radiologically suspicious metastasis was the basis for initiation of palliative or salvage systemic therapy. Cause of death was determined by chart review.
Smoking characteristics were obtained from patientreported histories of tobacco use at time of initial consultation, which was routinely collected throughout the study period. Variables of interest included smoking status (active smokers, former smokers, and never smokers); quantity of cigarettes smoked per day (20 cigarettes per pack); duration of cigarette smoking (in years); and quit date for former smokers. Patients were considered active smokers if they reported smoking at diagnosis or if their quit date was within one year of diagnosis. This definition of active smoking has been used in prior studies of bladder cancer treatment outcomes and is based on the observation that many patients will have asymptomatic lesions prior to diagnosis [9, 18, 19] . Furthermore, bladder cancer patients who are actively smoking at time of diagnosis have been shown to have worse cancer-related outcomes [9, 18] . Duration of smoking and quantity of cigarettes smoked were used to calculate smoking pack-years.
Descriptive statistics were used to characterize patient and tumor characteristics, including smoking status, packs per day, and pack-years. Logistic regression was used to create a ''base'' model using the predictors of patient age, gender, clinical stage (cT2 vs. cT3/T4), and age-adjusted Charlson comorbidity score (categorized as 0-2, 3-4, and 5?). We individually incorporated each smoking Assessed for eligibility -all patients treated with chemotherapy prior to radical cystectomy (n=443)
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Included in study -clinical T2-4aN0M0 urothelial bladder carcinoma; neoadjuvant cisplatin-based chemotherapy (n=139) Fig. 1 Flow diagram depicting initial number of patients assessed for eligibility, exclusion criteria, and final study cohort characteristic into this model to evaluate its association with the pathologic outcomes of interest. Multivariate Cox regression was used to determine if smoking characteristics were associated with recurrence or cancer-specific death. A competing risk regression model was also used to evaluate associations of smoking characteristics with time to death. All statistical analyses were performed using Stata 12.0 (StataCorp, College Station, TX).
Results
Patient characteristics are described in Table 1 . The median age for our cohort was 65 [interquartile range (IQR) 56-71] and 99 (71 %) were male. The majority of patients had clinical T2 disease (60 %). The most common cisplatin-based NC regimen was gemcitabine and cisplatin alone in 102 (73 %). Other regimens included methotrexate-vinblastine-doxorubicin-cisplatin, ifosfamide-paclitaxel-cisplatin, cisplatin and etoposide, or one of these combinations with an additional investigational trial therapy. There were 35 never smokers, 63 former smokers, and 41 active smokers. In total, 53 patients (38 %) exhibited pathologic response (\pT2N0) at time of RC, 22 with complete response (pT0), and 31 with partial response (pTis or pT1). During follow-up, 63 patients experienced disease recurrence, 39 died of disease, and 11 died of other causes. The median follow-up for patients who did not recur or die was 46 and 40 months, respectively. Table 2 shows the association between each smoking characteristic and each pathologic outcome. Smoking status was not significantly associated with either complete response (p = 0.5) or any response (p = 0.2), after adjusting for age, gender, clinical stage, and age-adjusted Charlson score. For example, former smokers had 50 % decreased odds for complete response compared to never smokers, but this result was not significant, with a 95 % confidence interval (CI) ranging between 0.15 and 1.73. Therefore, being a former smoker could increase odds of complete response by 73 %, but could also decrease odds by 85 %. Smoking quantity, measured in packs per day, was associated with 35 % decreased odds for complete response, but this also was not statistically significant (95 % CI 0.35-1.20; p = 0.2). Results were similar for smoking volume: For every 10-year increase in pack-years smoked, there was an 8 % decrease in odds of complete response, but this was not statistically significant (95 % CI 0.77-1.09; p = 0.3). In each model, only clinical T stage was significantly associated with both complete (all p B 0.011) and any pathologic response (all p B 0.003). For example, compared to patients with cT2 disease, patients with cT3 or cT4 disease had significantly decreased odds for having complete response (OR 0.17, 95 % CI 0.04, 0.66; p = 0.006) or any pathologic response (OR 0.27, 95 % CI 0.12, 0.63; p = 0.003) in the model incorporating smoking status.
Results from our Cox models for recurrence and cancerspecific death are shown in Table 3 . None of the smoking characteristics tested was significantly associated with recurrence or cancer-specific death, after adjusting for the same variables listed above. There were no significant differences in odds for recurrence (p = 0.6) or cancerspecific death (p = 0.9) amongst never, former, and current smokers. Smoking quantity and volume characteristics were associated with increased odds for recurrence and 
Discussion
The addition of NC confers a survival advantage to patients with muscle-invasive bladder cancer undergoing cystectomy, but only *40 % demonstrate pathologic evidence of treatment response [2, 3, 20] . Several groups have reported that pathologic responders have improved overall survival over those with residual muscle-invasive disease, with the best outcomes experienced by those with complete response (pT0) [20, 21] . Therefore, the identification of factors that may predict sensitivity or resistance to NC remains an important area of clinical and translational research. We hypothesized that cigarette smoking-a potentially modifiable patient behavior-may predict pathologic response in these patients. As expected, the majority of patients (75 %) in our cohort reported a history of smoking and nearly a third reported smoking within a year of diagnosis. We observed a 38 % pathologic response rate to NC, consistent with other studies [20] . However, we did not find any significant associations between smoking status, volume, or duration and pathologic outcomes after NC and RC. Likewise, we did not find any associations between smoking characteristics and recurrence-free and cancer-specific survival, even after addressing competing risks associated with tobacco exposure. Differences in underlying tumor biology determine chemosensitivity in bladder cancer and can be affected by environmental carcinogens. Cigarette smoking is the primary risk factor for bladder urothelial carcinoma. Furthermore, smoking duration and intensity have a linear relationship with risk of bladder cancer diagnosis [5] [6] [7] . Smoking cessation, on the other hand, lowers risk of bladder cancer, even in formerly heavy smokers [8, 9] . Tobacco-related tumorigenesis is a multifaceted process involving multiple carcinogenic tobacco metabolites such as nicotine-derived nitrosamine ketones and polyaromatic hydrocarbons. These components promote tumor formation through direct DNA damage, mutating oncogenes and tumor suppressors, or by modifying key signal transduction pathways [10, 11] . Smoking has also been implicated in mechanisms of resistance to cisplatin chemotherapy in bladder cancer and other solid organ malignancies [12, 13, 15, 16] . For example, STAT3, a transcription factor involved in cell growth and apoptosis, is activated by nicotine and leads to chemoresistance, while inhibition of STAT3 restores chemosensitivity in vitro [12, 13] . Nicotine activates other important cell signaling pathways involved in cell survival and inhibition of cisplatin-induced apoptosis. Akt, a serine-threonine phosphatase in the PI3K/Akt/ mTOR signaling pathway, is activated by exposure to nicotine in several cancer cell lines [14, 15] . Importantly, in oral cancer cell lines exposed to nicotine, treatment with the PI3K pathway inhibitor LY294002 restored cisplatinmediated apoptosis [15] . These studies highlight the potential benefit of molecular therapies directed against these cell survival pathways-in addition to cigarette cessation-in patients resistant to chemotherapy. The emergence of high-throughput genomic profiling may also identify novel prognostic markers for cisplatin sensitivity in cancer patients [22, 23] . Prospective identification of patients likely to respond or to fail conventional chemotherapy may enhance overall treatment outcomes for patients with bladder cancer. Our results should be interpreted in the context of the study design and its limitations, including its retrospective nature and small sample size. Smoking characteristics were obtained by chart review of patient-reported histories taken at the time of initial consultation. Although our review was comprehensive, patient self-report of smoking duration and volume is subject to recall bias, and quit dates may not be faithfully reported. Future studies using alternative, objective measures of smoking exposure, such as serum cotinine levels, may better assess smoking status at initiation of treatment [24] . Our sample size was small and limited to patients treated at a single, tertiary referral center. This was reflected in the wide confidence intervals seen in several of our analyses. However, some of our results indicate that a larger cohort of similar patients may confirm some of the observed associations. For example, smoking status (packs per day) was associated with a 25 % increase in odds for recurrence and a 17 % increase in odds for cancer-specific death. Although not statistically significant (p = 0.1), the 95 % CI for recurrence, for instance, ranged from 0.95 to 1.63. This suggests that smoking quantity, in effect, might actually reduce a patient's odds of recurrence by 5 %, but might increase odds to a greater degree, 63 %. Thus, smoking reduction may have potential benefits that warrant further study in patients receiving NC and cystectomy for bladder cancer.
Other factors may have influenced our results but were not captured in the data set. Patients who were not able to receive cisplatin at time of diagnosis, due to renal insufficiency or preexisting hearing loss, were not included. Furthermore, we did not include patients who never proceeded to RC due to evidence of disease progression on chemotherapy. We also did not capture post-diagnosis smoking characteristics, including potential smoking reduction or cessation during chemotherapy and before RC. Prior studies in non-muscleinvasive bladder cancer have shown poorer cancer-related outcomes in patients who continued to smoke after diagnosis [8, 18, 25] . In muscle-invasive disease, a recent multicenter retrospective study reported that current smokers, compared to former smokers, were at increased risk of disease recurrence after RC. Cumulative smoking exposure was also associated with disease recurrence and cancer-specific mortality, with the worst outcomes experienced by heavy long-term smokers ([20 cigarettes per day for [20 years) [9] . Although patients receiving NC were not included in this analysis, smoking status appears to influence cancer-specific outcomes after diagnosis and initiation of appropriate therapy. Given the potential for chemoresistance in active smokers, future studies should consider prospective collection and biochemical verification of smoking status in patients receiving chemotherapy and cystectomy for muscleinvasive disease [26] .
Smoking was not associated with pathologic outcome or survival in our study. However, promotion of smoking cessation should continue to be an integral component of multimodal bladder cancer care, due to the numerous deleterious effects of smoking on overall health beyond its effects on cancer. Patients should be therefore be counseled regarding these risks of smoking and directed to effective and appropriate cessation therapies. Unfortunately, smoking cessation continues to be an underutilized intervention for bladder cancer patients [27] .
Conclusion
Despite emerging evidence for the role of smoking in chemoresistance, we did not find any significant associations of smoking with pathologic and cancer-specific outcomes after NC and RC, although our single-institution series was limited by small sample size. Future prospective studies investigating the role of smoking and treatment response in bladder cancer would be well served to obtain biochemical verification of self-reported smoking status. Smoking cessation counseling should be an integral part of bladder cancer care given the known detrimental effect smoking has on cancer-specific and overall health outcomes.
